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ABSTRACT

The Fort Ross Orchard site, which lies astride the North Coast segment of the San Andreas Fault,
is characterized by a narrow, linear shutter ridge and associated linear trough within which latest
Holocene sediments have accumulated. We excavated one trench across the San Andreas Fault
and into these alluvial sediments, and one fault-parallel trench northeast of the fault to provide
three-dimensional exposures of the alluvium trapped behind the linear ridge. We excavated a
third intersecting trench, also parallel to the fault, along the crest of a linear ridge southwest of
the fault, in order to expose a buried paleochannel that traverses the ridge crest. We interpret
that this paleochannel is the southwestern extension of the present-day incised drainage northeast
of the fault that is the source of the trapped alluvium.

In general, the trenches show that the alluvial-fan sediments consist of clayey sand that are as old
as about AD 230, with only the uppermost, post-1906 deposits being undeformed by the fault.
The trench exposures also show the presence of scarp-derived colluvium shed into the linear
depression from the bedrock-cored shutter ridge. This colluvium grades into the uppermost
alluvial units in the linear depression. We interpret that the colluvium reflects degradation of the
scarp produced during the 1906 surface rupture at the site.

Geologic relations exposed in the cross-fault trench at the Fort Ross Orchard site provide
possible evidence of three pre-1906 earthquakes, although all of the evidence is equivocal at this
time. Beneath the post-1906 colluvium is a sheared deposit that may be either faulted alluvium
or an older fissure fill. Stratigraphic relations, age dating, and the presence of possible shearing
suggest that this unit is younger than about AD 1640 but older than AD 1906. Two pre-1640
earthquakes are suggested by two upward fault terminations within the lower alluvium, although
both of these terminations occur at different stratigraphic levels. Given the available deposit
age-estimates, the trench relations suggest possible surface ruptures between AD 230 and 1290,
between AD 780 and 1640, and between AD 1640 and 1906. We emphasize that these data are
poorly constrained, and that additional exposures of faulted deposits and additional age dates are
needed to confirm or refute any of these possible ruptures. Nevertheless, the broad time
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windows for these speculative ruptures are consistent with other nearby sites on the North Coast
segment of the San Andreas Fault.

Our excavations at the Fort Ross Orchard site also included fault-parallel trenches on both sides
of the fault to provide possible stratigraphic constraints on fault slip rate. One trench excavated
across a topographic saddle along the crest of the linear ridge west of the fault exposed a 1-m-
wide sediment-filled bedrock paleochannel that trends roughly orthogonal to the fault. Based on
multiple age dates from charcoal in this paleochannel, we interpret an age of AD 1260 to 1390
for the deposits filling the paleochannel, although a broad range in age-dates allows the channel
to be considerably older. We excavated a third trench on the eastern side of the fault to test the
hypothesis that the paleochannel originally was a through-going channel that has been offset and
thus can be used as a piercing point to estimate the late Holocene fault slip rate. Unfortunately, a
similar paleochannel was not encountered in the fault-parallel trench northeast of the fault, and
the available trench exposures did not provide well-constrained information on the fault slip rate.

Nevertheless, this field effort provides information that may help limit the late Holocene slip rate
on the San Andreas Fault at this site. We speculate that the trench northeast of the fault was not
long enough to expose the paleochannel on this side of the fault. Based on our detailed field
survey of the site, the minimum amount of fault offset of the paleochannel, if present, is 17 m.
These data suggest a minimum late Holocene slip rate of 25 mm/yr, which is notably higher than
the rate of 19 + 4 mm/yr obtained by recent studies at the nearby sites. Because we find no
viable stratigraphic or geomorphologic explanation for the absence of the paleochannel northeast
of the fault, we speculate that our age estimate for the paleochannel may be too young. Thus,
although the data developed in this study suggests a minimum slip rate of 25 mm/yr for the San
Andreas Fault, the uncertainty in deposit age suggests that this rate is not robust.
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1.0
INTRODUCTION

The primary goal of this investigation of the northern San Andreas Fault at the Fort Ross
Orchard site is to provide information on the late Holocene paleoseismic history of surface-
rupture earthquakes. Data on the timing of past events are essential for evaluating rupture
segmentation of the northern San Andreas Fault and for estimating the probability and size of
future earthquakes on the fault. In addition, understanding the timing of past large earthquakes
along the northern San Andreas Fault is critical to estimating probabilities of future earthquakes
in the San Francisco Bay region (Working Group on California Earthquake Probabilities
[WGCEP], 2003).

The great San Francisco earthquake of 1906 produced surface rupture from San Juan Bautista to
Cape Mendocino (Lawson, 1908; Thatcher and others, 1997; Prentice and others, 1999) (Figure
1). The North Coast segment of the San Andreas Fault that ruptured in 1906 currently is
aseismic or nearly so (Hill and others, 1990). Previous workers have interpreted this relative
lack of seismicity as evidence that the fault is "locked", and actively storing elastic strain energy
for release in a future large-magnitude earthquake. The history of earthquakes along the North
Coast segment is a critical element for probabilistic hazard assessments for the San Francisco
Bay area. The WGCEP (1990) assumed that the North Coast segment ruptures as a single
segment, mainly because of a lack of data suggesting otherwise. However, later work by the
WGCEP (1999, 2003) considered several alternative rupture models, including a model in which
the North Coast segment always ruptures in 1906-type events and models in which the North
Coast segment contains sub-segments that rupture in smaller magnitude (Mw <6.9) earthquakes.
These different models have significant implications for the recurrence of various magnitudes of
earthquakes, and thus for the probabilities of earthquakes along this section of the fault. The
WGCEP (2003) rupture models and weightings reflect a consensus view that the fundamental
behavior of the San Andreas Fault is expressed as full-length ruptures similar to the 1906
earthquake, with lesser likelihoods of smaller segment ruptures.

Thatcher and others (1997) used geodetic measurements to resolve coseismic fault slip along the
entire 470-km-long rupture of the 1906 earthquake (Figure 1). Variations in amount of geodetic
slip along the fault estimated by these workers are similar to observed variations in surface
offsets (i.e., offset fences, tree lines) documented by Lawson (1908). Geodetic and surface
measurements suggest a smaller amount of slip in the Fort Ross area than elsewhere along the
North Coast segment (Figure 1). This is particularly relevant to interpretations of rupture
segmentation of the San Andreas Fault. If the North Coast segment typically ruptures in 1906-
type events, with similar distributions of coseismic slip along the fault, then a “slip deficit”
would develop in the Fort Ross area (Schwartz and others, 1998). In this scenario, additional
smaller magnitude (e.g., My <6.9) earthquakes would be required near Fort Ross, in order to
satisfy the long-term slip budget of the fault. The WGCEP (2003) considered the possibility of a
smaller earthquake in the Fort Ross area through inclusion of a floating, My 6.9 earthquake
anywhere along the 470-km-long segment that ruptured in 1906.
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2.0
GEOLOGIC SETTING OF THE FORT ROSS ORCHARD SITE

The Fort Ross Orchard site lies along the North Coast segment of the San Andreas Fault, as
defined most recently by the WGCEP (2003). This 191-km-long segment extends from Point
Arena on the north to a complex intersection with the San Gregorio Fault in the offshore area
west of the Golden Gate (WGCEP, 2003; Figure 1). This is the longest of four segments
interpreted along the 470-km-long section of the San Andreas Fault that ruptured in 1906.
Surface observations and geodetic modeling indicate that the part of the North Coast segment
between Point Arena and Fort Ross experienced a lower amount of slip during the 1906
earthquake than other parts of the rupture (Lawson, 1908; Thatcher et al., 1997). Paleoseismic
investigations at Point Arena (Prentice, 1989) and Olema (Niemi and Hall, 1992) suggest
geologic slip rates of 23 + 3 mm/yr and 24 + 3 mm/yr, respectively, although studies near Fort
Ross (Noller et al., 1993; Noller and Lightfoot, 1997; Prentice et al., 2001) suggest a preliminary
rate of 19 + 4 mm/yr. The recurrence of past earthquakes on the North Coast segment is
estimated from the occurrence of at least five surface-rupturing earthquakes during the past 2000
years near Point Arena (Prentice, 1989), and the occurrence of at least seven surface ruptures
within the past 2,000 to 2,500 years at Vedanta (Figure 1; Niemi et al., 2002). Knudsen et al.
(2001) interpret geologic evidence to indicate the occurrence of three events within the past
thousand years or so at Bolinas Lagoon (Figure 1). Collectively, these studies indicate a range in
recurrence for large earthquakes on the North Coast segment of the San Andreas Fault of 180 to
370 years (WGCEP, 2003).

2.1 Description of the Fort Ross Orchard Site

The Fort Ross Orchard site is about 1.0 km northwest of the Archae Camp site, where we
trenched in 1993 and 1994 (Noller and others, 1993; Simpson and others, 1996; Noller and
Lightfoot, 1997), and about 2.8 km northwest of the Mill Gulch site investigated by Prentice et
al. (2000, 2001). The San Andreas Fault between Fort Ross and Point Arena forms the boundary
between the Gualala structural block on the southwest and the uplifted Coast Ranges on the
northeast. The southernmost part of the Gualala block near Fort Ross contains discontinuous
remnants of emergent marine terraces (Prentice, 1989), which may yield additional information
on the pattern of deformation in this area (Mubhs et al., 2003). The San Andreas Fault in the
vicinity of Fort Ross is associated with prominent geomorphic features, including side-hill
benches, sag ponds, linear drainages, shutter ridges, and uphill-facing scarps (Brown and Wolfe,
1972; Figure 2). Numerous cultural features were offset along the fault during the 1906
earthquake, including Fort Ross Road, an unnamed ranch road 150 m southeast of the Fort Ross
Orchard site, and a fence presently marking the southeastern border of Fort Ross State Historic
Park (Figure 2). Matthes (in Lawson, 1908) noted that Fort Ross Road was offset about 2.3 m
(7.5 ft) and the ranch road and fence both were offset about 3.6 m (12 ft). The lower amount of
measured offset of Fort Ross Road may be related to the presence of a secondary fault strand that
joins the main strand in the vicinity of the Fort Ross Orchard site (Figure 2).

The Fort Ross Orchard site was chosen for investigation because it has (1) excellent geomorphic
relations that constrain the location of the main strand of the fault, (2) late Holocene deposits in a
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depositional basin formed by an uphill-facing scarp, (3) minimal cultural disturbance, and (4)
amenable landowners. The site includes a prominent, northwest-trending linear shutter ridge,
uphill-facing scarp, and linear depressions that clearly mark the location of the main strand of the
San Andreas Fault (Figure 3). The linear ridge traversing the site acts as a buttress for alluvial-
fan sediment derived from a small, incised drainage gulley northeast of the site (Figure 4).

Based on our field reconnaissance of the San Andreas Fault near Fort Ross, we viewed this site
as one of the most promising sites for obtaining information on the late Holocene history of the
North Coast segment of the fault. In addition, the site is within the Fort Ross State Historic Park,
and thus we were able to obtain permission to conduct the investigation.

In a general sense, the Fort Ross Orchard site is situated on the southwest-facing front of the
high-relief Coast Ranges (Figure 2). Southwest of the Fort Ross Orchard site, the Gualala block
is associated with remnants of at least three emergent marine terraces, which form a stepped
topography between the site and the Pacific coastline (Figure 2). Several steep-walled ravines
are incised into the Gualala block, including Kollmer Gulch northwest of the Fort Ross Orchard
site, Fort Ross Creek and Mill Gulch southeast of the site, and several tributaries to these streams
(Figure 2). Locally, the San Andreas Fault lies within northwest-trending sections of these
ravines, which have steep valley walls and dense vegetation. The areas between the major
incised ravines generally are characterized by rolling topography strongly affected by surface
fault deformation and/or landsliding. Previous paleoseismic sites in the Fort Ross area have been
located in these moderate-relief interfluve areas, including the Mill Gulch site (Prentice et al.,
2000, 2001), the Archae Camp site (Simpson et al., 1996), and the Murley site (Simpson et al.,
1996). The Fort Ross Orchard site is in the interfluve area between the southern arm of Kollmer
Gulch and Fort Ross Creek (Figure 3).

The linear shutter ridge that impounds alluvium at the Fort Ross Orchard site continues
northwestward to Fort Ross Road, where another linear ridge continues nearly to Kollmer Gulch
(Figure 3). Northwest of Fort Ross Road, a series of sag ponds demark a prominent fault strand
along the southwestern side of this ridge. Brown and Wolfe (1972) show this fault as a dashed
line and the primary fault as a solid line along the northeastern margin of the linear ridge
(Figures 2 and 3), although the geomorphic expression of the western fault strand is greater in
the area north of Fort Ross Road. We interpret that the Fort Ross Orchard site is at the
southeastern end of a local left-step in the San Andreas Fault, which is in agreement with a
similar interpretation made by C. Prentice (undated air-photo interpretation, personal
communication, 2000). This interpretation differs from that made by Brown and Wolfe (1972),
who mapped the primary fault strand along the northeastern side of the linear ridges and a
secondary fault strand along southwestern side of the ridge (Figure 2).

As shown in more detail on Figure 4, the Fort Ross Orchard site includes a narrow, linear shutter
ridge bordered on the northeast by the primary strand of the San Andreas Fault. The
northeastern side of this ridge forms a 1- to 4-m-high fault scarp that faces uphill relative to the
regional slope, and is associated with linear depressions that mark the location of the main strand
of the San Andreas Fault (Figure 3). The linear ridge traversing the site acts as a buttress for
alluvial-fan sediment derived from a small, incised drainage gulley northeast of the site (Figure
4). The trenches were excavated into alluvial-fan deposits derived from this gulley, which were
laid down in the linear trough northeast of the linear ridge and across the primary fault strand
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(Figure 4). The alluvial fan forms the southeastern margin of the closed depression along the
fault, which may be preserved as a geomorphic feature because of the fan deposition. Notably,
the crest of the linear ridge is undulatory in the vicinity of the alluvial fan, where a 1-m-deep
saddle is developed on the ridge crest (Figure 4). As discussed below, stratigraphic relations
exposed in the trenches suggest that this saddle reflects a buried paleochannel that could be the
southwestern extension of the present-day incised gulley northeast of the fault.

The Fort Ross Orchard site is of cultural significance because of the presence of several fruit
trees planted by Russian colonists during their development and occupation of Fort Ross. This
occupation began in early 1812, and the fort was completed and dedicated on August 12, 1812.
The initial purpose of the fort was an outpost for hunting sea otter by the Russian-American
Company, although by 1820 the otter population became so depleted that the colonists turned to
agriculture and livestock, as a means to supply other Russian outposts in Alaska. Because of
coastal fog, gophers, mice, and lack of sustained interest, the agricultural effort failed to produce
enough goods to be economically viable. The small (approx. 50 x 150 m) orchard remaining
near Fort Ross includes olive, pear, cherry, apple, and other fruit trees, although only a couple of
the remaining trees are those that were originally planted by the Russian colonists. At present,
there is no information indicating the presence of original orchard trees on the northeastern side
of the fault, and there does not appear to be any linear arrangements of the trees that could be
used as a piercing line to measure offset across the fault. The orchard is at an elevation of about
145 m (475 ft), which generally is just above the elevation of summer fog at Fort Ross. This
elevation, coupled with the locally flat topography, probably was a main reason for locating the
orchard at this site. In December 1841, the Russian-American Company sold the property to
John Sutter (of Sutter’s Fort near Sacramento), and Fort Ross was abandoned within a few
months. The orchard does not appear to have been maintained after abandonment by the Russian
colonists, although there is evidence that later ranching operations included construction of a
fence line through the site (D. Murley and B. Walton, Fort Ross State Historic Park rangers,
personal communication, 2001). Based on this site history, the orchard likely was not being
maintained during the 1906 surface rupture, and the site has not undergone substantial cultural
modification.
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3.0
PALEOSEISMIC RESULTS

This research at the Fort Ross Orchard site was aimed at characterizing the timing of late
Holocene paleoearthquakes and estimating a geologic slip rate on the northern San Andreas
Fault. The focus of our effort was to identify geologic evidence of past large earthquakes and
develop preliminary age estimates for the ruptures. The scope of work included generating a
detailed topographic map of the Orchard site, and excavation of one trench across the fault and
through late Holocene alluvium within the depositional basin, as well as two fault-parallel
trenches (one on each side of the fault) at the site. This exploratory paleoseismologic research,
which was conducted in November and December 2000, is the first documentation of shallow
geologic conditions across the San Andreas Fault at this site.

Our efforts at the Fort Ross Orchard site were designed to expose faulted and unfaulted
stratigraphy across the 1906 rupture of the San Andreas fault, and to evaluate possible evidence
of pre-1906 ruptures. To this end, we excavated trench 1 (Figure 4) across the east-facing fault
scarp and into the linear depression. In addition, we excavated two fault-parallel trenches
(trenches 2 and 3, Figure 4) to investigate the possibility of a late Holocene paleochannel that
might be a piercing line for evaluating fault slip rate. Based on these efforts, the site yielded
limited information on the timing of past earthquakes but did not yield robust data on fault slip
rate.

3.1 Trench Stratigraphy

The three trenches at the Fort Ross Orchard site exposed a fairly straight-forward sequence of
late Holocene and historic deposits overlying weathered sandstone bedrock (Figures 5, 6, and 7).
In general, the bedrock northeast of the fault scarp is overlain by two massively bedded alluvial-
fan deposits, two discontinuous swale-fill deposits, and a series of post-1906 alluvial and
colluvial deposits. For ease of description, we herein refer to these surficial deposits as the
Lower, Middle and Upper Alluviums, respectively (units @ through @, Figures 5, 6, and 7).
Information on the three-dimensional geometry of these deposits is available at the site because
of the orientations of trenches 1 and 3 (Figure 4). Surficial deposits at the site also include
discontinuous colluvial or fissure-fill deposits locally adjacent to the San Andreas fault that may
be directly related to earthquake rupture. In addition, trench 2 exposed a paleochannel incised
into the sandstone bedrock that is filled with a mixture of alluvium and colluvium (units C1 and
C2, Figure 6). The lithologic characteristics of these deposits are summarized in the following
text, and are provided in more detail on Figure 5b.

Trenches 1 and 2 exposed bedrock southwest of the San Andreas fault (unit @, Figures 5 and 7),
consisting of sheared sandstone within the Paleocene German Rancho Formation (Wagner and
Bortugno, 1982). In the northeastern part of the site, trench 1 exposed extremely weathered clay
with gravel that appears to be weathered Paleocene or Cretaceous bedrock. The stratigraphically
oldest surficial deposit overlying these bedrock units is the Lower Alluvium, which consists of
two massively bedded alluvial-fan deposits (units @ and ®; Figures 5 and 7). Both of these units
are generally uniform throughout the site, consisting of a nearly saturated silty clay (unit @) at
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Unit 9 : Historic alluvium and colluvium (associated with present-day ground surface). On crest of linear ridge, southwest of
Sault: Brown (7.5YR 4/4) SILTY SAND (SM); fine to medium sand; 10% gravel near base, grading to 5% gravel near top;
subangular gravel up to 10 mm composed of yellow weathered sandstone; moderately sorted; medium dense; dry; clear irregular
basal contact. Along fault and in depositional basin northeast of fault: Very dark grayish brown (10YR 3/2) SILTY SAND
(SM); fine to medium sand; 5% gravel; subangular gravel up to 5 mm composed of red and orange weathered sandstone;
moderately sorted; moist; loose; slightly sticky, slightly plastic; gradual smooth basal contact. In southeastern part of trench
3: Very dark grayish brown (10YR 3/2) GRAVELLY SAND (SW); fine to medium sand; 5 to 15% gravel; angular to subangular
gravel up to 30 mm composed of red and orange weathered sandstone; crude bedding; moderately sorted; loose; moist; non-
sticky, non-plastic; grades into silty sand to northwest along fault; contains barbed wire and pieces of sawn redwood; clear
irregular basal contact; represents present-day outlet swale from depositional basin northeast of fault (UPPER ALLUVIUM).

Unit 8 : Historic alluvium. Very dark brown (10YR 2/2) SILTY SAND (SM); fine to coarse sand; 5 to 15% gravel; subangular
to subrounded gravel up to 15 mm composed of orange and red weathered sandstone; moderately sorted; loose to medium
dense; moist; sticky, slightly plastic; locally contains charcoal fragments and pieces of sawn redwood; gradual irregular basal
contact; irregular contact probably a result of local cultural modification; deposit primarily derived from sheetwash and alluvial-
fan deposition from northeast (UPPER ALLUVIUM).

Unit 7 : Historic colluvium. Very dark grayish brown (10YR 3/2) CLAYEY SILT WITH GRAVEL (ML); located only adjacent
to fault zone; fines eastward; southwestern half contains gravel up to 20 mm; northeastern half contains gravel up to 10 mm;
gravel clasts are angular red and orange weathered sandstone; poorly sorted; moist; medium stiff; not sheared and not faulted;
clear smooth basal contact; derived from tectonic fault scarp (SCARP-DERIVED COLLUVIUM).

Unit 6 : Historic colluvium / alluvium / fissure filling. Very dark grayish brown (10YR 3/2) to very dark brown (10YR 2/2)
CLAYEY SAND WITH GRAVEL (SW) to SILTY SAND (SM); located only adjacent to fault zone; triangular shaped body
within fault zone (Trench 1, SE wall, station 5.5 m) contains gravel up to 25 mm, composed of clasts of friable weathered
sandstone (unit ), clasts have crude subvertical alignments, unit contains possible shear fabric; tabular-shaped bodies adjacent
to fault zone (Trench 1, SE wall, station 6 m and NW wall, station 5.5 m) contain fine to medium sand, 5% gravel clasts up
to 7 mm composed of weathered sandstone, these silty sand bodies contain possible internal shear fabric and are faulted; overlain
unconformably by unit ; possible fissure-fill deposit or sheared colluvium/alluvium.

Unit 5 : Late Holocene alluvium. Very dark grayish brown (10YR 3/2) GRAVELLY SAND (SW); fine to coarse sand; 25 to
35% gravel; subangular to subrounded clasts up to 25 mm composed of orange and red weathered sandstone; poorly sorted;
medium dense to dense; moist; contains rare charcoal fragments; faulted; clear smooth basal contact; deposit primarily derived
from sheetwash and alluvial-fan deposition from northeast (MIDDLE ALLUVIUM).

Unit 4 : Late Holocene alluvium. Very dark gray (10YR 3/1) SILTY SAND WITH GRAVEL (SM); fine to coarse sand; 20 to
25% gravel; subrounded to subangular clasts composed of orange and red weathered sandstone; medium dense; moist; contains
rare charcoal fragments; abrupt smooth basal contact; deposit is narrow tabular body of relatively constant thickness (about 10
cm), oriented parallel to fault and dipping northwest toward closed depression; alluvial swale deposit (MIDDLE ALLUVIUM).

Unit 3 : Late Holocene alluvium. Very dark brown (10YR 2/2) SILTY SAND WITH GRAVEL (SM); fine to coarse sand; 20
to 30% gravel; subangular to subrounded clasts up to 40 mm composed of orange and red weathered sandstone; poorly sorted;
massive; moist; medium dense; faulted; contains common charcoal fragments; in Trench T1 (NW wall, station 6 to 7 m) includes
strong brown (5YR 4/6) SILT (ML), discontinuous bed with abundant charcoal fragments up to 15 mm long (possible in-situ
burn layer); gradual smooth basal contact; alluvial-fan deposit (LOWER ALLUVIUM).

Unit 2 : Late Holocene alluvium. Very dark gray (10YR 3/1) SANDY CLAY (CL); fine to coarse sand; 10 to 20% gravel;
subangular to subrounded clasts composed of red and orange weathered sandstone; massive; moist to wet; contains seeps in
trench wall near fault; sticky, plastic; contains rare charcoal fragments; faulted; basal contact not observed; alluvial-fan deposit
(LOWER ALLUVIUM).

Unit 1 : Weathered bedrock. Beneath linear ridge, southwest of fault: Reddish yellow (7.5YR 6/8) to yellow (2.5Y 7/6)
SHEARED SANDSTONE; fragments of coherent sandstone up to 15 mm; otherwise pervasively sheared; dry. Within fault
zone: Strong brown (7.5YR 4/6) CLAY (CL), pervasively sheared; fragments of coherent sandstone up to 10 mm; sticky, plastic;
moist. In northeastern part of Trench 1: Red (2.5YR 4/8) and yellowish red (5YR 5/8) CLAY WITH GRAVEL (CL);
heterogeneous mixture of clay and gravel clasts, with sandstone clasts up to 20 mm (GERMAN RANCHO FM.).

Unit C2: Late Holocene colluvium: Very dark brown (10YR 2/2) CLAYEY SILT WITH GRAVEL (ML); 10 to 20% gravel;
angular to subrounded clasts up to 10 mm composed of yellow sandstone; poorly sorted; massive; dry; stiff; clear smooth basal
contact; colluvial swale-fill deposit.

Unit C1: Late Holocene alluvium / colluvium: Very dark grayish brown (10YR 3/2) GRAVEL WITH CLAY (GW); 50 to 70%
gravel; angular to subangular clasts up to 60 mm composed of yellow sandstone, and rare subrounded clasts up to 10 mm
composed of red sandstone; one rare subrounded sandstone clast 250 mm in diameter; dense; abrupt irregular basal contact
cut into bedrock; colluvial swale-fill deposit or alluvium.

Figure 5b. Lithologic descriptions of units in trenches 1, 2, and 3, Fort Ross Orchard site.
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the base of the trenches and a poorly sorted silty sand with gravel (unit @). Based on the
presence of bedrock in the northeastern part of trench 1 (Figure 5), unit @ appears to have been
deposited in a linear basin adjacent to the San Andreas Fault at the site. The three-dimensional
exposure of unit ® provided by trenches 1 and 3 shows that this deposit is thickest near the apex
of the alluvial fan (Figure 4), and thins both to the southwest in trench 1 (Figure 5) and to the
northwest in trench 3 (Figure 7). Thus, we interpret that the bulk of the alluvial fan derived from
the northeastern gulley at the Fort Ross Orchard site is composed of sediments that are part of, or
are similar to, unit ®. These relations suggest that the linear shutter ridge at the Fort Ross
Orchard site had at least an incipient ancestor during the time of unit @ deposition. As
summarized below, multiple radiometric age determinations from unit & suggest that this
alluvial-fan sedimentation occurred over a period of at least several hundred years.

Locally overlying unit @ is the Middle Alluvium, which includes units @ and ® (Figure 5 and
7). Unit @ is a distinct, laterally discontinuous silty sand with gravel that reflects a change in the
type of sedimentation northeast of the fault at the site. Based on the exposures in trenches 1 and
3, this deposit is a thin (10 cm) sand bed oriented parallel with the fault trace. It is only about 2
m wide, but more than 10 m long, extending throughout most of the northeastern wall of trench 3
(Figure 7). The deposit dips gently to the northwest, and is interpreted to represent a small,
linear swale that transmitted water and sediment from the alluvial-fan apex northwestward into
the closed depression at the site (Figure 4). Later erosion affiliated with units @ and © (Figure
7) appears to have removed the southeastern part of this deposit, as noted below. Similarly, unit
® has a comparable orientation, but is slightly wider and thicker (see northwestern wall of trench
1, Figure 5). We interpret that the Middle Alluvium (units @ and @) reflects deposition on the
northwestern part of the alluvial fan at the site.

Stratigraphically between the Middle and Upper Alluviums at the Fort Ross Orchard site are
units @ and @, both of which are only within or directly adjacent to the fault zone, and appear to
be intimately related to surface rupture along the fault (Figure 5). Unit @ consists of three
separate bodies of sediment exposed in trench 1, a triangular shaped body within the fault zone
exposed on the SE wall (station 5.5 m), and two tabular bodies on the northeastern margin of the
fault zone (SE wall, station 6 m and NW wall, station 5.5 m; Figure 5). The triangular body at
station 5.5 m on the SE wall of trench 1 contains clasts of friable sandstone with subvertical
orientations, within a clayey sand matrix that has some evidence of shear fabric. The sandstone
clasts in the deposit were derived from the adjacent sheared sandstone bedrock. This body lies
within the fault zone, although the margin of the deposit, if sheared, is comparatively less
deformed than the surrounded bedrock. Unit @ is interpreted as either a deposit that fills a
rupture-related fissure, or a sliver of surficial colluvium or alluvium caught up within the fault
zone. The other two bodies included within unit ® are composed primarily of silty sand that is
sheared and faulted by individual strands of the fault zone. These bodies may be tectonically

detached slivers of alluvium deformed by fault movement, or deformed slivers of older fissure
fills.

Unit @ is unique among deposits at the Fort Ross Orchard site, because it clearly is a colluvium
derived from erosion of the San Andreas Fault scarp (Figure 5). This deposit overlies the
majority of the fault zone, and consists of a poorly sorted mixture of silt, gravel, sand, and clay.
The colluvium is finer toward the east, and gravel clasts within the deposit are smaller and less
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abundant to the east, away from the fault (Figure 5). Unit @ is not faulted, and thus represents
colluvial deposition following the most-recent surface rupture at the site.

The Upper Alluvium at the Fort Ross Orchard site contains two deposits that overlie unit @ and
thus post-date the most-recent surface rupture at the site (units @ and @, Figures 5 and 7). Both
of these deposits are alluvial sands, with various amounts of silt, gravel, and clay. Unit @ is
nearly a meter thick at the northeastern end of trench 1 and thins where it onlaps onto the fault
scarp, suggesting that it was derived from the northeast through alluvial-fan and sheetwash
processes. At the far southeastern end of the site (see SE end of trench 3; Figure 7), an abrupt
erosional contact at the base of unit ©® suggests that channelized flow draining the site may have
returned to a southeasterly flow direction. Locally, the deposit includes cultural artifacts,
including barbed wire and sawn or milled pieces of redwood that appear to be fence posts. This
deposit may be a result of land-use changes (i.e., forest harvesting) in the local watershed during
the early 20" century, and associated increases in sediment production and deposition. The
highly irregular basal contact of unit @ at the intersection of trenches 1 and 3 (Figure 7, station
10 m) suggests that cultural excavations related to fence building extended at least 1 m deep
locally along the base of the fault scarp. Lastly, unit @ represents the deposits directly beneath
the ground surface, and includes three facies (Figures 5, 6, and 7): poorly sorted silty sand that is
the active scarp-derived colluvium from the linear ridge, moderately sorted silty sand within the
present-day depositional basin northeast of the fault, and coarser gravelly sand associated with
the present-day swale outlet from the basin. All three of these facies are gradational. Overall,
unit © thickens to the southeast toward the present-day outlet of the linear depression. The
sandy alluvium in the present-day swale outlet crosses trench 3 at its southeastern end, trends
along the fault trace through the site, and ultimately flows to Fort Ross Creek (Figure 3).

Trench 2 exposed a distinct paleochannel beneath a topographic saddle in the crest of the linear
shutter ridge, across which we excavated to investigate the possibility of obtaining a piercing line
across the San Andreas Fault (Figure 4). The paleochannel is about 2 m wide and is incised
abruptly into the sandstone bedrock. The channel thalweg plunges steeply (about 16°) to the
southwest. Within this paleochannel are two deposits (units C1 and C2; Figure 6) that reflect the
remnants of channel alluvium mixed with swale-filling colluvium. The lower deposit (unit C1,
Figure 6) is much coarser than any other surficial deposit exposed at the site, containing clasts as
large as 250 mm. Several of the sandstone clasts within this paleochannel are subrounded and
imbricated, suggesting deposition by channelized flow. The arrangement, size, and rounding of
these clasts are unique in the exposures at the site, and suggest that the small gulley northeast of
the fault previously flowed across the shutter ridge. Unit C2 overlies unit C1 within the bedrock
notch, but is considerably finer grained, and does not contain large rounded sandstone clasts.
This poorly sorted deposit is interpreted as colluvium that filled the topographic swale above the
incised channel after its abandonment. Similarly, the present-day hillslope colluvium (unit @;
Figure 6) thickens slightly above the paleochannel, and represents continued smoothing of the
ridge-crest topography through time.

3.1.1 Age Estimates

The age estimates for the surficial deposits at the Fort Ross Orchard site are based on the
presence of historic cultural items and radiometric analyses of charcoal fragments. Charcoal
fragments were fairly abundant within some of the stratigraphic units, but were not present in
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many of the units. A total of 57 samples were collected from various stratigraphic units exposed
in trenches 1, 2, and 3. We sampled only angular charcoal fragments that appeared to have not
been reworked or altered. Of the 57 charcoal fragments, 18 samples were analyzed for
radiocarbon age determination by the Center for Accelerator Mass Spectrometry (CAMS) at
Lawrence Livermore Laboratories (Table 1), under the guidance of G. Seitz and J. Southon. The
stratigraphic position of these charcoal fragments and their importance to estimating the ages of
deposits at the Fort Ross Orchard site are described below.

One charcoal sample was analyzed from the lowermost surficial stratum exposed in the trenches
(unit @, Figure 5; sample FR-20, Table 1). This sample yielded a calibrated age of AD 230 to
420, which seems reasonable for this deposit given its stratigraphic position and the site
geomorphology. The overlying massive alluvial deposit (unit ®) yielded multiple charcoal
fragments, eight of which were analyzed. These eight samples can be divided into two
populations, including those in the upper or lower parts of this unit. The lower part of the
alluvium contains two samples (samples FR-10 and FR-16; Table 1), both of which yielded ages
older than about AD 1300. However, these two samples are stratigraphically inconsistent, with
the sample from the very basal part of unit ® (FR-16, Figure 5) providing an age-date younger
than sample FR-10, which was about 30 cm higher. Assuming that one of these samples
correctly estimates the age of the deposit, then either one is re-worked older charcoal, or one has
been introduced into the sediments after deposition (i.e., through burrowing animals or another
biologic process). Because re-working older charcoal is more likely at this site than burrowing
(there is no evidence for burrowing near these samples), the younger age-date is more likely to
be the correct date. Thus, we consider the lower part of unit & to be about AD 1190 to 1290 in
age.

The six samples from the upper part of unit ® generally range in age from AD 1440 to 1660
(Table 1). The exception is sample FR-11, which was taken from the same stratigraphic position
but clearly is an outlier from this sample population. Thus, we believe that sample FR-11 is a re-
worked piece of charcoal that does not reflect the age of the deposit. Given this, the average age
of the population of five samples from the upper part of unit & is AD 1470 to 1640. The age-
dates from unit ® samples are all younger than the single age-date obtained from the overlying
deposit (sample FR-13, unit @, Table 1). Because of this inconsistency of age with stratigraphic
position, we interpret also that sample FR-13 is not representative of the age of unit @.

Lastly, we analyzed one sample from the scarp-derived colluvium exposed in trench 1 (sample
FR-12, unit @, Table 1). This sample yielded an age of AD 1640 to present, which is consistent
with deposition during historic time. As noted above, the unit directly above unit @ (unit ©,
Figures 5 and 7) contains historical cultural items, including barbed wire and remnants of
redwood fence posts. Given these relations, we interpret that the scarp-derived colluvium (unit
@, Figure 5) was most likely deposited following the 1906 surface rupture at the site. Units @
and ® have been deposited since this earthquake, and represent historic accumulations of
sediments within the linear depression northeast of the shutter ridge at the Fort Ross Orchard
site.

Trench 2 exposed a paleochannel cut into the sandstone bedrock, and we analyzed seven
charcoal samples taken from the alluvium filling this paleochannel (unit C1, Table 1). These
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Table 1 Summary of Radiocarbon Ages, Fort Ross Orchard Site

Conventional Calibrated Age Interpreted
e Age (cal. yr AD)# Age-estimate%

Sample No. Lab No.% (yr BP = 1o) (20, 95% probability)
TRENCH 1
Unit 7 Scarp-derived Colluvium AD 1906
FR-12 71277 200+ 40 AD 1640 to present
Unit 5 Alluvium
FR-13 71524 800 =40 (AD 1160 to 1280)
Upper Unit 3 Alluvium AD 1470 to 1640
FR-9 71274 330+ 40 AD 1450 to 1650
FR-15 71525 310+ 40 AD 1470 to 1660
FR-8 71273 360 + 50 AD 1440 to 1650
FR-11 71276 650 =40 (AD 1280 to 1400)
FR-19 71528 320+ 40 AD 1460 to 1660
FR-17 71527 370 £ 40 AD 1440 to 1640

Average: AD 1470 to 1640
Lower Unit 3 Alluvium AD 1190 to 1290
FR-10 71275 1130 £40 (AD 780 to 1000)
FR-16 71526 770 =40 AD 1190 to 1290
Unit 2 Alluvium AD 230 to 420
FR-20 71614 1730 £ 40 AD 230 to 420
TRENCH 2
Unit C1 Alluvium AD 1260 to 1390
FR-5 71272 1140 £50 (AD 780 to 1020)
FR-7 71523 700 + 40 AD 1260 to 1390
FR-3 71270 3230+ 50 (1680 to 1410 BC)
FR-6 71522 810+40 (AD 1160 to 1280)
FR-1 71521 980 + 40 (AD 990 to 1160)
FR-4 71271 1540 £50 (AD 410 to 640)
FR-2 71269 1150 £40 (AD 780 to 980)

Samples are listed in stratigraphic order, with stratigraphically highest samples at the top.
@ All samples analyzed by CAMS, Livermore, California

# Calibrated based on Stuiver and Reimer (1993), using CALIB v4.3 (2000). Averages are equally weighted.

Parentheses indicate stratigraphically inconsistent samples (not included in average).

% Interpreted based on 2-sigma ranges in sample averages, rounded to decade.
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samples yielded an extremely wide range in age-dates (from 1680 BC to AD 1390), with no
distinct groupings or populations of age-dates. Because this deposit represents an alluvial
channel fill, many (if not all) of the samples probably were pieces of re-worked charcoal. We
interpret that the youngest age-date of the seven samples is the closest representation of the true
age of the deposit (sample FR-7, Table 1). This sample was taken from the center of the unit C1
deposit on the northeastern wall of trench 3 (Figure 6), and provided an age-date of AD 1260 to
1390. Thus, we interpret that the age of unit C1 is AD 1260 to 1390, which is comparable in age
to unit 3 exposed in trenches 1 and 3.

3.1.2 Stratigraphic Interpretation

The three-dimensional trench exposures at the Fort Ross Orchard site provide an opportunity to
assess the distribution of sediments and processes of deposition. As noted above, alluvial-fan
sediments derived from the small gulley directly northeast of the site dominate the stratigraphic
record. These sediments are preserved primarily because of uplift along the fault and formation
of the linear shutter ridge, which has acted, over the past several hundred years, as a sediment
dam. In general, the sediments derived from the gulley have begun filling up the linear trough
that lies directly northeast of the fault, although the presence of the closed depression northwest
of the trenches (Figure 4) shows that the filling is local and incomplete. The lowermost alluvial
deposits (units M and ®, Figures 5 and 7) are massive sandy clay and silty sand deposits that
represent fine-grained alluvial-fan deposition. Available age estimates suggest that there may
have been a substantial depositional hiatus or period of erosion between units @ and @, because
these units are estimated to be about 770 to 1,060 years different in age (Table 1). The age-dates
suggest that unit ® was deposited over a time period of about 200 to 450 years, and the massive
nature of this deposit suggests that it was probably laid down slowly and consistently over this
time period. The three-dimensional exposures show that units @ and ® filled a small swale that
probably trended southwesterly toward the fault, encountered the shutter ridge, and then trended
northwesterly parallel to the fault and into the closed depression. This represents a flow
direction that is opposite to the present-day slope of the linear trough in the southwestern part of
the site (Figure 4).

The discontinuous nature of unit @ makes interpretation of its origin difficult, although its
preservation primarily along the San Andreas Fault suggests that it is related to fault
displacement. As described above, unit ® consists of three separate bodies of sediment within
the fault zone, including a triangular body on the SE wall of trench 1 that contains clasts of
friable sandstone with subvertical orientations. Unit @ is interpreted as either a deposit that fills
a rupture-related fissure, or a sliver of surficial colluvium caught up within the fault zone. The
other two bodies included within unit ® are composed primarily of silty sand that is sheared and
faulted by individual strands of the fault zone. These bodies may be tectonically detached slivers
of alluvium deformed by fault movement, or deformed slivers of older fissure fills. Because
these sediments are sheared, they pre-date the 1906 rupture, and some or all of the shearing
probably may have been caused by the 1906 faulting. If the sediments are sheared material that
filled a pre-1906 fissure, unit @ may be evidence of an earlier surface rupture at the Fort Ross
Orchard site. However, because of an absence of clear evidence of an earlier surface rupture is
not present from these exposures, we cannot provide well-founded data of such an event.
Additional exposures at the Fort Ross Orchard site and additional age-dating of charcoal samples
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from unit @ may provide better information on the occurrence and timing of this possible pre-
1906 surface rupture.

Colluvial unit @ was derived from erosion of the San Andreas Fault scarp (Figure 5). The
lithology and angularity of the gravel clasts are similar to the sandstone bedrock that comprises
the northeast-facing fault scarp. The colluvium is finer toward the east, and gravel clasts within
the deposit are smaller and less abundant to the east, away from the fault (Figure 5). Unit @ is
not faulted, and thus represents colluvial deposition following the most-recent surface rupture at
the site. In addition, unit @ is directly overlain by unit @, which contains abundant historical
items and was deposited within the past hundred years. Thus, unit @ represents colluviation
from the San Andreas Fault scarp following the 1906 rupture. Units @ and @ reflect deposition
within the linear trough northeast of the fault since the 1906 rupture, with unit ® forming as a
combination of southwestward alluviation from the small gulley and cultural deposition. This
unit has been disturbed locally within the past hundred years, probably as a result of construction
of a fence line through the site (D. Murley and B. Walton, Fort Ross State Historic Park,
personal communication, 2001). Unit @ contains several facies that collectively represent the
active depositional processes at the Fort Ross Orchard site, including active colluviation on the
shutter ridge, alluvial-fan deposition in the linear trough, and alluvial channel deposition in the
swale draining southeasterly from the linear trough (Figure 4).

Because of erosion of older deposits by units @ and @ in the southeastern part of the site (Figure
7), it seems unlikely that deposits more than a hundred years or so would be preserved along the
fault to the southeast of trench 3 (Figure 4). Thus, we postulate that additional paleoseismic
investigations in the southeastern part of the Fort Ross Orchard site likely would not yield
information on the timing of pre-1906 ruptures on the San Andreas Fault. However, preservation
of pre-1906 deposits along the fault is likely in the area northwest of trench 1 and near the closed
depression (Figure 4), because the young alluvial fan has essentially protected this area from
degradation.

3.2 Trench Geologic Structure

The primary strand of the San Andreas Fault is exposed in trench 1, where it deforms sandstone
bedrock and the surficial deposits older than unit @ (Figure 5). In general, the fault zone is
narrow (less than 1 m wide), and has a cross-trench strike of N42°W. We observed no reliable
indicators of slip direction in the trench exposures (e.g., slickensides, drag features), although it
can be assumed based on historical observations (Lawson, 1908) and site geomorphology that
the fault is dominated by right-lateral offset with a component of southwest-up vertical
separation. The main fault zone exposed in trench 1 is only about 50 to 60 cm wide at the
bottom of the trench, but it broadens to a width of about 1 m near the ground surface (Figure 5).
The zone contains multiple anastomosing strands primarily within the sheared bedrock, although
some strands border lentil-shaped bodies of sediments (including parts of units ® and ®; Figure
5). The rock masses between primary fault strands generally are pervasively sheared; shearing
within the surficial sediments is considerably less developed. Bedrock on the southwestern side
of the fault is sheared and deformed over a distance of at least 2 m from the main fault zone
exposed in the trench. The bedrock is progressively less sheared in a southwesterly direction
from the fault, although even away from the fault zone the bedrock is weathered and friable

1377 Fort Ross 19 09/17/03



(Figure 6). As noted above, none of the fault strands exposed in trench 1 extends into unit @ or
overlying surficial deposits.

Most of the fault strands extend upward to the base of unit @, although a few notable strands
extend upward only to distinct lower stratigraphic contacts (Figure 5). For example, on the
northwestern wall of trench 1, three southwesterly dipping fault strands deform unit @ but are
truncated by unit & (station 6.5 m, NW wall, Figure 5). Of these three strands, the southwestern
strand has a branch that extends into overlying units and to the base of unit @. On the
southeastern wall of the same trench, there are no strands that are truncated by unit ®; instead
there is only a single strand that extends upward and forms the contact between unit ® and
bedrock (station 6 m, SE wall, Figure 5). We could not follow this strand upward above the
location of bedrock, where it would be entirely within the massive alluvium of unit ®. Thus,
upward fault terminations exist within the lower alluvium on both walls of the trench, although
these terminations occur at different stratigraphic levels. In a previous report (Kelson and Lettis,
2001), we postulated that these trench relations suggest the possibility of as many as three pre-
1906 earthquakes. Unfortunately, there are no other corroborating lines of evidence for these
possible paleo-earthquakes at this site.
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4.0
INTERPRETATION AND DISCUSSION

The primary goal of this investigation of the northern San Andreas Fault at the Fort Ross
Orchard site is to provide information on the late Holocene paleoseismic history of surface-
rupture earthquakes. The history of past earthquakes on the North Coast segment includes the
occurrence of at least five surface-rupturing earthquakes during the past 2000 years near Point
Arena (Prentice, 1989), and the occurrence of at least seven surface ruptures within the past
2,000 to 2,500 years at Vedanta (Figure 1; Niemi et al., 2002). Knudsen et al. (2001) interpret
geologic evidence to indicate the occurrence of three events (including the 1906 earthquake)
within the past thousand years or so at Bolinas Lagoon (Figure 1). Collectively, these studies
indicate a range in recurrence for large earthquakes on the North Coast segment of the San
Andreas Fault of 180 to 370 years (WGCEP, 2003). Our investigation at the Fort Ross Orchard
site provides supplementary information to help confirm and refine the existing body of
knowledge.

Results from the Fort Ross Orchard site confirm the previously well-established occurrence of
surface rupture along the San Andreas Fault near this site during the 1906 rupture (Lawson,
1908; Prentice, 1989; Noller and Lightfoot, 1997). The presence of an unfaulted scarp-derived
colluvium at the site (unit @, Figure 5) is consistent with the site geomorphology and reports of
local uplift and scarp production during the 1906 rupture (Lawson, 1908). Radiometric data
from this unit are consistent with a modern age-estimate and stratigraphic position relative to
deposits containing historical items. Thus, we interpret that closely following the 1906 rupture at
the Fort Ross Orchard site, partial erosion of the northeast-facing fault scarp resulted in
deposition of colluvium (unit @), and that this deposit has since been overlain by more recent
alluvial-fan and colluvial deposits.

In addition, we interpret the possibility of up to three pre-1906 earthquakes on the North Coast
segment of the San Andreas Fault at the Fort Ross Orchard site. However, available
stratigraphic and radiometric data not provide strong constraints on the occurrence and timing of
these pre-1906 earthquakes. The trench exposures provide equivocal evidence, in the form of
limited upward fault terminations, which could provide information on the timing of past surface
ruptures. For example, if the upward fault termination at the base of unit ® exposed on the
northwestern wall of trench 1 (station 6.5 m, Figure 5) reflects a past rupture, this rupture
occurred between the deposition of units @ and ®. Given the range in estimated age for these
units (Table 1), this possible rupture would have occurred between AD 230 and 1290. Also, if
the upward termination of the fault strand exposed on the southeastern wall of trench 1 (station
6.0 m, Figure 5) reflects a possible rupture between the lower and upper parts of unit &, this
rupture would have occurred between AD 1190 and 1640 (based on the range in estimated age of
unit &, Table 1). Lastly, if unit ® represents a local fissure filling (rather than merely sheared
alluvium), it might record the occurrence of surface rupture between deposition of unit &
(undated) and unit @ (ca. 1906). In this scenario, the penultimate rupture at the Fort Ross
Orchard site would have occurred between AD 1490 (the minimum constraining age for unit @,
based on dates from unit &; Table 1) and AD 1906 (the likely age of unit @). Additional
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charcoal samples taken from unit @ could provide a better estimate of deposit age, and would
help with the stratigraphic correlation and interpretation of deposit origin, and thus with the past
earthquake history. We emphasize that these data are preliminary and speculative, and that
additional exposures of faulted deposits and additional age dates are needed to confirm or refute
any of these possible events.

Although the speculative interpretations presented above are poorly constrained, the broad time
windows are consistent with results from sites to the north and south (see summary in Knudsen
et al., 2002). For example, the penultimate earthquake is interpreted to have occurred between
AD 1630 and 1906 at Point Arena (Prentice et al., 2000), and between AD 1490 and 1906 at the
Fort Ross Orchard site. Similarly, the rupture interpreted by our previous studies at the nearby
Archae Camp occurred between AD 1170 and 1650 (Simpson et al., 1996), and we herein
provide limited evidence of a rupture between AD 1190 and 1640. Finally, studies at Point
Arena (Prentice, 1989; Prentice et al., 2000) identified two additional ruptures between AD 1 and
1310, and work by Simpson et al. (1996) suggest the occurrence of two ruptures between AD
560 and 1290 at the Archae Camp site (Figure 1). The limited data from Fort Ross Orchard
suggest a possible rupture within this time period (between AD 230 and 1290). Thus, although
the available data from the Fort Ross Orchard site are limited, the results are consistent with
other nearby sites on the North Coast segment of the San Andreas Fault.

Our field efforts at the Fort Ross Orchard site also included fault-parallel trenches on both sides
of the fault to provide possible stratigraphic constraints on fault slip rate (trenches 2 and 3,
Figure 4). Trench 2 was excavated along the crest of the linear ridge west of the fault, across a
topographic saddle developed in the ridge. A 1-m-wide sediment-filled paleochannel cut into
bedrock underlies this saddle and trends roughly orthogonal to the fault. Age dates from
charcoal in this paleochannel suggest an age of AD 1260 to 1390. We excavated trench 3 on the
eastern side of the fault to test the hypothesis that the bedrock notch originally was a through-
going channel that has been offset and thus could be used as a piercing point to estimate the late
Holocene fault slip rate. Unfortunately, a similar channel-shaped feature was not encountered in
trench 3 east of the fault, although the sediments in the linear depression east of the fault span
this age range. Thus, the available trench exposure did not provide well-constrained information
on the fault slip rate during this investigation.

Nevertheless, this field effort provides information that may help limit the late Holocene slip rate
on the San Andreas Fault at this site. We question why the paleochannel on the southwestern
side of the fault is distinct and well formed, whereas there is no evidence of a similar feature on
the northeastern side of the fault. Based on available age estimates, the paleochannel would be
expected to be located stratigraphically in the middle of unit ®, which is continuous throughout
trench 3. We consider that either no channel was formed northeast of the fault, or that our
studies did not expose the channel. In the first of these two cases, deposition could have
occurred within the linear trough until it was filled to the elevation of the crest of the shutter
ridge, and then incised into the bedrock southwest of the fault. In this case, coarse clasts would
have been deposited into the linear trough and fine-grained alluvial-fan sediments (i.e., unit ®)
would have overtopped the ridge. However, the paleochannel exposed in trench 2 on the
southwestern side of the fault contains large, rounded sandstone clasts, which indicate a high-
energy, through-going channel transport system, rather than an alluvial-fan depositional system.
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In addition, the present-day closed depression at the site shows that the linear trough was not
completely filled, and thus that an integrated depositional system did not form after the initial
development of the shutter ridge. We interpret that a through-going channel transport system
pre-dates development of the linear trough that is present northeast of the shutter ridge at the site.

Therefore, we consider the speculative scenario in which the unit C1 paleochannel is present
northeast of the fault but that trench 3 did not extend far enough southeast to encounter it.

Based on our detailed field survey of the site, the distance along the fault from the topographic
saddle in the ridge crest (which approximates the location of the paleochannel, see Figure 6) to
the southeastern end of trench 3 is about 17 m (Figure 4). If the unit C1 paleochannel is farther
southeast than the trench 3 exposure, this is a minimum amount of fault offset of the
paleochannel. Available radiometric data suggest that the age of the paleochannel is AD 1260 to
1390, and therefore is about 560 to 690 years old. These limited data suggest a minimum late
Holocene slip rate of 25 mm/yr.

This estimated slip rate is considerably higher than that provided by recent studies at the nearby
Mill Gulch (Prentice et al., 2000, 2001) and Archae Camp sites (Simpson et al., 1996; Noller and
Lightfoot, 1997), which indicate a rate of 19 + 4 mm/yr. Given this rate, we would expect to
find the northeastern equivalent of the unit C1 paleochannel within trench 3. Because we find no
viable stratigraphic or geomorphologic explanation for the absence of this paleochannel
northeast of the fault, we speculate that perhaps our age estimate is too young, and that perhaps
the sample upon which we based our age-estimate was introduced into the deposit following
deposition (via burrowing or some other near-surface process). If the paleochannel were actually
directly southeast of trench 3 (about 17 m from the topographic saddle), then the slip rate of 19 +
4 mm/yr (Prentice et al., 2001) would suggest that unit C1 is about 1,000 years old. If the
paleochannel were farther southeast, then the Mill Gulch slip rate would suggest that the
paleochannel is older, which is possible given the range in age-dates that were obtained from unit
C1 (Table 1). Thus, although the data developed in this study suggests a minimum slip rate of 25
mm/yr for the San Andreas Fault, the uncertainty in deposit age suggests that this minimum rate
is not robust.
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5.0
CONCLUSIONS

The Fort Ross Orchard site, which lies astride the North Coast segment of the San Andreas Fault,
is characterized by a narrow shutter ridge and associated linear trough within which latest
Holocene sediments have accumulated. We excavated one trench across the San Andreas Fault
and into these alluvial sediments, and one fault-parallel trench northeast of the fault to provide
three-dimensional exposures of the alluvium trapped behind the linear shutter ridge. We
excavated a third intersecting trench, also parallel to the fault, along the crest of the linear ridge
to expose a buried paleochannel that traverses the ridge crest. We interpret that this
paleochannel is the southwestern extension of the present-day incised drainage northeast of the
fault that is the source of the trapped alluvium.

In general, the trenches show that the alluvial-fan sediments consist of clayey sand deposited
against the east-facing fault scarp. These thick-bedded deposits are displaced by the fault and
range in age from about AD 230 to AD 1640. In addition, trench 1 shows the presence of scarp-
derived colluvium shed into the linear depression from the bedrock-cored shutter ridge. We
interpret that the colluvium reflects degradation of the scarp produced in 1906.

Geologic relations exposed in trench 1 at the Fort Ross Orchard site provide possible evidence of
three pre-1906 earthquakes, although all of the evidence is equivocal at this time. Beneath the
post-1906 colluvium is a sheared deposit that may be either faulted alluvium or an older fissure
fill. Stratigraphic relations and age dating suggest that this unit is younger than about AD 1640
(but older than 1906). Two pre-1640 earthquakes are suggested by two upward fault
terminations within the lower alluvium, although these terminations occur at different
stratigraphic levels. Given available age-estimates, the trench relations suggest possible surface
ruptures between AD 230 and 1290, between AD 780 and 1640, and between AD 1640 and
1906. We emphasize that these data are poorly constrained, and that additional exposures of
faulted deposits and additional age dates are needed to confirm or refute any of these possible
events. Nevertheless, the broad time windows of these possible ruptures are consistent with
results from the Point Arena area to the northwest (Prentice et al., 2000) and the nearby Archae
Camp site southeast (Simpson et al., 1996). Thus, although the available data from the Fort Ross
Orchard site are limited, the results are consistent with other nearby sites on the North Coast
segment of the San Andreas Fault.

Our excavations at the Fort Ross Orchard site also included fault-parallel trenches on both sides
of the fault to provide possible stratigraphic constraints on fault slip rate. Trench 2 was
excavated along the crest of the linear ridge west of the fault, across a topographic saddle
developed on the ridge. A 1-m-wide sediment-filled bedrock paleochannel underlies this saddle
and trends roughly orthogonal to the fault. Based on multiple age dates from charcoal in this
paleochannel, we interpret an age of AD 1260 to 1390 for the deposits filling the paleochannel,
although a broad range in age-dates allows the channel to be considerably older. We excavated
trench 3 on the eastern side of the fault to test the hypothesis that the paleochannel originally was
a through-going channel that has been offset and thus can be used as a piercing point to estimate
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the late Holocene fault slip rate. Unfortunately, a similar paleochannel was not encountered in
the fault-parallel trench northeast of the fault, and the available trench exposures did not provide
well-constrained information on the fault slip rate.

Nevertheless, this field effort provides information that may help limit the late Holocene slip rate
on the San Andreas Fault at this site. We speculate that trench 3 was not long enough to expose
the paleochannel on the northeastern side of the fault. Based on our detailed field survey of the
site, the distance along the fault from the paleochannel to the southeastern end of trench 3 is
about 17 m, which represents a minimum amount of fault offset of the paleochannel. Available
radiometric data suggest that the paleochannel is about 560 to 690 years old, which suggests a
minimum late Holocene slip rate of 25 mm/yr. Because this estimated slip rate is considerably
higher than the rate of 19 + 4 mm/yr obtained by recent studies at the nearby Mill Gulch
(Prentice et al., 2000, 2001) and Archae Camp sites (Simpson et al., 1996; Noller and Lightfoot,
1997), and because we find no viable stratigraphic or geomorphologic explanation for the
absence of the paleochannel northeast of the fault, we speculate that our age estimate for the
paleochannel may be too young. Thus, although the data developed in this study suggests a
minimum slip rate of 25 mm/yr for the San Andreas Fault, the uncertainty in deposit age
suggests that this rate is not robust.
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